Abstract: Submerged macrophytes are useful indicators of nutrient pollution in the littoral of lakes. We analyzed submerged macrophytes at 30 sites in Lake Ohrid (20 in the Macedonian and 10 in the Albanian part). In total, we found 29 macrophyte species, which belong to 9 families. In order to describe and compare nutrient pollution in different parts of Lake Ohrid, and to introduce monitoring methods which are consistent with the demands of the Water Framework Directive we calculated the macrophyte index for each site. The results show that nutrient pollution generally is low in the majority of the investigated sites. There are, however, marked differences among sites, with some sites at the southern part of the lake being more polluted. There also is a marked difference in nutrient pollution between shallow and deeper water. The values of the macrophyte index in deeper waters (> 4 m) indicate that the nutrient pollution is very low, while in shallow waters (< 2 m) it is moderate or moderate-immense.
Introduction
Submerged macrophytes, which are found in the littoral zone of lakes, comprise macroscopic forms of vascular plants, a small number of aquatic mosses, and some large algae (such as Chara and Nitella species, as well as Cladophora) (Wetzel 1975; Lind 1979) . They are relatively long-lived organisms (their life span is measured in months or years) and they are often used as key indicators for the ecological status of lakes (Solimini et al. 2006) .
Aquatic macrophytes in the littoral zones of lakes have two fundamental properties, which make them useful as limnological indicators: 1) they react slowly and progressively to changes in nutrient conditions (Melzer 1999) ; 2) the littoral zone may experience patterns of nutrient (and pollutant) concentrations caused by natural or artificial inflows as well as by diffuse, non-point sources (Dave 1992; Drake & Heaney, 1987 in Melzer 1999 ) and rooted submerged macrophytes may reflect this patchiness. As a consequence, macrophyte indices reflecting nutrient pollution have been developed in Europe for both lakes (Melzer 1999) and rivers (Schneider et al. 2000; Schneider & Melzer 2003) .
Lake Ohrid is a transboundary lake shared between Albania and Macedonia. It is subject to nutrient inflow from rivers, the limnocrene in St. Naum, as well as diffuse nutrient input from the surrounding area, such that spatial patterns in macrophyte distribution can be expected. Patterns in macrophyte vegetation in Lake Ohrid have also been observed with respect to depth with belts of reed (Phragmites australis), Cladophora sp., pondweed (Potamogeton sp.), and charophyte meadows being observed consecutively with increasing depth (Stankovic 1960; Talevska 1996 Talevska , 2002 Talevska , 2003 Talevska & Trajanovska 2002 , 2004 .
However, macrophyte composition in Lake Ohrid has never been analyzed in a consistent way for the whole lake. In our project, we brought together a group of scientists from Albania, Macedonia and Norway, and analyzed submerged macrophytes at 30 sites around the whole lake using the same methods for all sites. We calculated the macrophyte index (Melzer 1999) for all 30 sampling sites in order to describe and compare nutrient pollution in different parts of Lake Ohrid, and to introduce monitoring methods which are consistent with the demands of the Water Framework Directive.
Material and methods
Lake Ohrid is considered as a unique aquatic ecosystem, which is classified in the group of the so-called ancient lakes with high percentage of biodiversity and endemism (Albrecht & Wilke 2008) . The lake is situated in the deepest area of the Valley of Ohrid and it covers a total area of 358.18 km 2 , two-thirds of which belong to the Republic of Macedonia and one-third to the Republic of Albania. The total length of the coastal line is estimated at 87.53 km while the deepest point is at 288.7 meters, and the average depth of the lake is estimated at 163.71 meters (Naumovski 1985; Matzinger et al. 2007 (Melzer & Schneider 2001) . A total of 30 sampling sites were established in Lake Ohrid, 10 of which were situated in Albania, and 20 in Macedonia (Fig. 1) . For half of the sites, sampling was conducted in July 2009, the other half in July 2010. Care was taken that the 15 sites investigated in each year were distributed evenly around the whole lake, in order to avoid any bias which might result from an uneven exposition of sites between sampling years.
At each site, a water sample was collected at approximately 0.5 and 10 m depth in January, May, July and October. Total phosphorus concentration was measured according to ISO 6878:2004. Submerged macrophyte, that is, monocotyledonous and dicotyledonous plants, charophytes and the macroscopic filamentous alga Cladophora glomerata (L.) Kützing were surveyed in belt transects of approximately 10 m width perpendicularly to the shoreline from the upper littoral to the lower vegetation limit. Each transect was divided into depth zones: 0-2 m, 2-4 m, 4-10 m, and >10 m depth. In deeper waters, plants have been collected by a Van-veen grab while in the shallow waters, plants were collected by snorkeling. Species occurrence was registered in each transect and each depth zone, and the abundance of each species was estimated according to a five degree scale: 1 = very rare, 2 = rare, 3 = common, 4 = frequent, 5 = abundant (Kohler 1978) . The following floristic books (floras) were used for species determination : Hayek, (1924 : Hayek, ( -1933 Lordanov, (1963 Lordanov, ( -1970 Josifović, (1970 Josifović, ( -1977 ; Tutin et al., (1964 Tutin et al., ( -1980 ; Corillion (1957 Corillion ( , 1975 , Golerbah & Krasavina (1983) , Krause (1997) , Schubert & Blindow (2003) and Wood & Imahori (1964 , 1965 .
The macrophyte index was calculated according to the formula described in Melzer (1999) , but with updated indicator values and class boundaries as described in Melzer & Schneider (2001) .
Qi where: MI -Macrophyte index, Ii -Indicator value of i-th species, Qi -Plant quantity of i-th species, n -Total number of species with an indicator value.
The macrophyte index was chosen as a metric because it reflects phosphorus supply, is applicable to calcareous lakes, and most macrophyte species observed in Lake Ohrid are included in the list of indicators.
To calculate the "macrophyte index" each abundance value was cubed (y = x 3 ) because the correlation between the abundance estimation and plant biomass is not linear (Melzer 1999) . A catalogue of nine "indicator groups' of macrophyte species (Melzer & Schneider 2001) , exhibiting different sensitivity towards nutrient enrichment was used to calculate the macrophyte index, ranging from 1 to 5, with higher values indicating nutrient pollution (Table 1) . The different colors (macrophyte index classes) in the table show the difference in nutrient pollution ranging from dark blue = very low pollution to red = massive pollution. In addition to the MI per site, we calculated the MI separately for each depth zone at each site in order to compare the results from shallow water with the results from deeper water.
Results
In total, 29 macrophyte species were recorded at 30 sites in the littoral of Lake Ohrid. Seventeen of these taxa are classified in the group of vascular macrophytes, 11 belong to the group of charophytes and one (Cladophora sp.) is classified under the group of non-charophyte macroscopic algae (Table 2) . A complete list stating species abundances at each site and each depth zone is given as an appendix (Table 4) .
The dominant species of vascular macrophytes in Lake Ohrid was Potamogeton perfoliatus, which was recorded at a total of 27 sampling sites, in 6 of which it has been "abundant", in 5 it has been "common", in 5 of the sites it has been "frequent", in 9 of them -"rare" and in only 2 of the sites it has been "very rare".
The most abundant charophyte was Chara tomentosa, which was recorded at a total of 25 sampling sites, in 21 of which it has been "abundant", in 2 of which "common", in one "frequent" and in another one "very rare".
Elodea canadensis, an invasive species in Lake Ohrid, was registered at a total of 16 sampling sites, in 5 of which it was "common", in 1 of the sites "frequent", in 8 "rare" and in 2 of the sites it was recorded as "very rare".
Zannichellia palustris, a species that indicates nutrient pollution, was recorded at 15 out of the 30 sampling sites.
TP generally is rather low (average below 10 µg), and that average TP concentrations in 10 m depth are lower than at 0.5 m depth (Table 3 ). The macrophyte index on average indicated low to medium nutrient pollution in the lake Ohrid littoral, but there are considerable differences among sites (Figure 2 A) . 8 of the sampling sites had very low nutrient pollution, in 7 of them there was a low nutrient pollution, in 8 sites were moderately polluted, in 5 sites there has been recorded moderate-immense nutrient pollution, and in only two of the sites there was an immense nutrient pollution. Table 5 (see appendix) represents the values of the Macrophyte Index (MI) at all sites in the littoral, at each depth zone.
In order to get a clearer picture of nutrient pollution of the shallow compared to the deeper littoral, we calculated the macrophyte index for each depth zone separately (0-2 m, 2-4m, 4-10m, >10m depth). In shallow water, that is between 0 and 2 m depth, the macrophyte index varied from very low to massive pollution (Fig. 2 B) .In 6 of the sampling sites, the value of the MI indicated very low nutrient pollution, in 4 of the sites to moderate nutrient pollution, in 5 of them, moderateimmense nutrient pollution, in 4 sites immense nutrient pollution and in 7 of them, heavy nutrient pollution while in 3 of the sites the nutrient pollution was massive.
In contrast, the macrophyte index for deeper parts of the littoral becomes more even, and the nutrient pollution in deeper littoral generally is lower (Fig. 2 C, D,  E) .
Between 2 and 4 m depth, the macrophyte index varied from very low to immense pollution (Fig. 2 C) . At 11 of the sites, the value of the MI indicated very low and low pollution while at 17 it indicated moderate and moderate-immense nutrient pollution whereas only at 2 of the sites, the MI indicated immense pollution.
In the depth zone from 4-10 m, most of the sites had very low or low nutrient pollution (23 sites), and there were not registered sites with immense, heavy or massive nutrient pollution.
For depths larger than 10 m, all sites had low or very low nutrient pollution (the sites not represented on the map did not have macrophyte vegetation below 10 m depth).
Discussion
Submerged macrophytes are of particular importance in aquatic ecosystems. They have well-defined ecological optima and ranges, and they are widely used for bioindication of lake and river trophic status (Kohler & Schneider 2003) . Macrophyte indices are assumed to be generally applicable over large parts in Europe, because Submerged macrophytes of Lake Ohrid most indicator values correspond well between different indicator systems (Schneider 2007) .
During our surveys in Lake Ohrid, we found several macrophyte species indicating eutrophication (e.g., Zannichellia palustris, Elodea canadensis). The presence of eutrophic species in Lake Ohrid indicates that eutrophication problems do exist in Lake Ohrid, even if most of the sites have earlier been considered oligotrophic due to their low water phosphorus concentrations (Patceva 2005; Veljanoska-Sarafiloska 2002; Matzinger et al. 2007 ). Water phosphorus concentrations represent, however, only part of the nutrients present in an ecosystem. Rooted aquatic macrophytes take up nutrients from the water through their leaves, but mainly from the sediment via their roots and the rhizoidal systems (Gerrloff & Fishbeck 1973; Carignan & Kalff 1980; Barko et al. 1986 ), such that macrophytes indicate a combination of water and sediment nutrients. Therefore, the macrophyte index gives important additional information about lake trophic state because it, in contrast to water chemistry, may indicate eutrophication processes in the littoral ecosystem, combining water and sediment. The lower macrophyte index in greater water depth is in accordance with average water TP concentrations, which also are lower in 10 m than in 0.5 m.
The average values of the macrophyte index for all investigated sites indicate generally low nutrient pollution of the lake, due to the fact that in 15 localities the water is described as very low or low nutrient pollution. However, it is evident that pollution originates from the shore, because macrophyte indices in shallow water are consistently higher than in deeper waters at the same site. Schneider et al. (2014) have shown that the macrophyte index in shallow water does not correspond with water total phosphorus concentrations. Thus, presumably, part of the nutrients are incorporated in the plants biomass or stored in the sediment.
The major sources of nutrient pollution in Lake Ohrid is the pollution generated from the settlements, such as Kalista, Trpejca, Pogradec, Dogana etc. (Fig. 2A) . The main source of pollution in these regions is mainly generated through the unpurified waste waters from the households and the touristic facilities. In addition, the tributaries are additional source of pollution, including River Koselska and Sateska and others, which are contributing with polluted waters from the surrounding areas. According to Matzinger et al. (2007) and Veljanoska-Sarafiloska (2011) , the rivers's inflows are also pointed out as a high pollutants of the lake, and as "hot spots" for the pollution generation.
In Lake Ohrid, earlier studies on Potamogeton perfoliatus have shown that on an annual basis there is accumulated approximately 150 tons of main nutrients in the belt of Potamogeton perfoliatus (Talevska 2005) . The nutrients contained in the pondweed's biomass are temporarily excluded from the nutrient circulation in the lake ecosystem. Potamogeton species are annual in Lake Ohrid, i.e. nutrients are re-introduced into the nutrient cycle during winter decay. In contrast, most charophytes are perennial. Consequently, nutrients contained in charophyte biomass may permanently be removed from the ecosystem. Charophytes build extensive stands with high biomass in Lake Ohrid (approximately 10,600.00 tones) and charophytes cover vast areas of the lake -10.49 km 2 (Trajanovska 2002 (Trajanovska , 2009 and they are mainly indicators for clear and pure waters (Forsberg 1965a; Hofrat & Ottendorfer 1983; Hospers 1994) . Chara tomentosa is the dominant species of the Chara group and it has been registered in a total of 25 sampling sites. The high abundance of Chara tomentosa is an indicator of the fact that water in the littoral is still to be considered as water with higher quality (Hofrat & Ottendorfer 1983) . At the same time, these extensive Chara tomentosa meadows presumably remove large amounts of nutrients by storing them in their biomass and depositing them in the sediment (Kufel & Kufel, 2002) . 
